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IRI
OPEN TO ITS ENVIRONMENT
National arrd international scientific collaboration

Introduction
In view of the growing international contacts we have decided to
replace our 'Jaarverslag' (in Dutch) by this 'Scope of Activities' written
in English. It emphasises the scientific activities in the four research
departments, the teaching activities and relevant developments
regarding our large research facilities. The list of publications is
limited to theses, articles and abstracts in English which have actually
appeared in 1988. Additional information about organization, activities
of service departments and scientific collaboration is available in the
Addendum (in Dutch). It also provides a full list of publications,
including internal reports and pre-prints. I hope that this Scope of
Activities will further stimulate scientific collaboration, both national
and international.
Prof.dr.ir. M. de Bruin
Director

General survey

The Interfacultair Reactor Instituut (IRI) constitutes, as an institute
associated with two faculties, part of the Delft University of
Technology in The Netherlands. It is within the Dutch university
system the only centre for research and training in reactor physics and
the application of reactor orientated nuclear methods and techniques
in various fields of science.
The institute's central facility is the Hoger Onderwijs Reactor (HOR).
This 2 MW swimming-pool reactor is provided with a variety of beam
tubes, irradiation facilities and in-core experiments. The reactor is
operated round the clock, five days a week. On April 251988, it was 25
years ago that the Hoger Onderwijs Reactor reached criticality for the
first time. This 25th anniversary was celebrated with several festivities,
including a scientific symposium. During several days the institute
was open to the public and about 1.000 visitors took advantage of the
opportunity to visit the reactor and the other research facilities.
Other facilities are a 3 MV Van de Graaff electron accelerator with a
sub-nanosecond pulse capability, and a Variable Energy Positron
Beam (105 e*. s'\ E = 0 - 30 keV). Furthermore, radiochemical
laboratories and a local area computer network are available for staff
and guest scientists. Supporting facilities include specialized
workshops, a department Health Physics and Safety and a library.
In 1988, the personnel numbered about 160, of whom 50 were
scientists. In addition, 120 guests - scientists, students and trainees used the IRI-facilities on a permanent or temporary basis. The total
annual budget amounted to Mf. 19.5. This figure includes Mf. 1.3 from
contract activities and training fees.
The activities of IRI comprise research directed towards further
development of specific IRI-facilities and expertise, application of
these facilities and expertise in own research and research frequently
for or in collaboration with outside groups. Education and training
activities include university teaching and a number of training
courses, specifically directed towards the safe handling of
radioactivity. The activities are organized in four research departments
- Radiochemistry, Reactor Physics, Radiation Chemistry, Radiation
Physics - and in the Training Courses Group.
After 1987, the status of IRI was changed from that of an interuniversity
into an institute directly associated with two faculties of the Delft
University of Technology. 1988 was a year of further adaptation of the
institute's organization, reconsideration of its scientific program and
beginning of new activities. Several large instrumentation projects
have been initiated to improve and extend the possibilities for use of
the institute's reactor. These projects concern the installation of a
double stacked mirror neutron filter in one of the beam tubes,
development of additional spectrometers for neutron scattering and a
high-intensity positron beam with continuously activated source.
The trend over the last years of steadily increasing output in terms of
publications in international scientific journals and contributions to
scientific meetings has been continued in 1988 (see figure 1).
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The training activities, expressed in the number of student days,
remains at a stable level (see figure 2).
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Although such figures have to be interpreted with some caution, they
reflect a high level of scientific activity. Further development of the
scientific program will put high demands on the efforts of the
scientific, technical and administrative staff.
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Scientific report

Radiochemistry
Transport and interface phenomena
Radiotracer studies are performed to provide information on routes
and magnitude of mass transport in systems in steady-state
(equilibrium) or near-steady state as well as for the measurement of
chemical transformations. In the evaluation of experimental data,
tracer theory (compartmental analysis and modelling) is applied. The
radiotracers used in the studies are primarily short-lived (half-life less
than 1 day) radionuclides, such as 24Na, 28 Mg, 41Ar, 1 2 8 l, produced in the
reactor at the institute.
Process technology
The research activities were focussed on two main topics: the mixing
of solid particles and the behaviour of gas in gas-liquid contactors.
The mixing operation in a Nauta mixer, consisting of a rotating screw
and hopper and filled with sand, was investigated with 128l-labelled
sand, measured with a multi-detector system. The mixing time was
found to be dependent on the rotational speeds of both rotating parts.
A model depicting the material transport within the mixer is being
developed.
Stirred vessels for reactions between gases and liquids are frequently
used in the chemical industry. In spite of research efforts to describe
the behaviour of the participating components in such vessels, there
is still a need for a better and new type of measurement as well as for
theories less phenomenological than the present ones. The residence
time distribution of oxygen in an air-water Rushton turbine contactor
was determined using 4 Ar as tracer for oxygen (see figure 3). Results
obtained indicate that argon is a suitable tracer for oxygen. Moreover,
compartmental analysis of the data showed that the system can be
thought of as a three-compartment system, with the oxygen in the
bubbles, in the solution and in the freeboard as compartments.

Air/ «Ar
Out

Figure 3: Experimental
set-up for the
radiotracer study of
air-water contacting
process.
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Another topic of interest is the measurement of ternary diffusion
coefficients in the system butanol-water-succinic acid, a standard test
system for liquid-liquid extraction studies. A new type of diaphragm
cell suitable for fast measurement of diffusion coefficients has been
developed and tested using 14C-labelled urea.
Interface phenomena
The use of CdS colloids or suspensions as a photocatalyst for solarenergy conversion (for example splitting of water into hydrogen and
oxygen by sunlight) is seriously hampered by corrosion of the
catalyst. To acquire a greater insight into the behaviour of cadmium in
such systems, cadmium transport processes occuring at the solidliquid interface in equilibrated aqueous CdS-suspensions were
studied by means of 109Cd2+ as tracer for ionic cadmium. By using
compartmental analysis, the presence of at least two interfacial
cadmium sites, susceptible to exchange with the cadmium in the
solution, were established (see figure 4).
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A study of the influence of hydrothermal conditions on Na+-NH+4
exchange in zeolites has been started. The uptake of sodium by
zeolites and its release brought about by NH4NO3 were followed by
using 24Na+ as a tracer.
A study is made of the magnesium metabolism in fish. The objective
is to assess the importance of the water-integument (gills and body
surface) route of magnesium intake by freshwater teleost by
measuring both the flow of magnesium to fish from water and to
water from fish. The experiments are carried out using 28 Mg 2+ as a
tracer for magnesium as well as instrumental neutron activation
analysis. The results obtained indicate that uptake of magnesium

Scientific report

from water cannot make up for the loss of magnesium from the fish.
Consequently a considerable part of the magnesium intake should
come from food via the gut.
Radiotracers
The development of new methods of preparing radiotracers has been
concentrated on 28 Mg 2+ . The radionuclide 28Mg (half-life 20.92 hour)
can be produced in a nuclear reactor by irradiation of lithiummagnesium alloys with thermal neutrons. The formation of 28Mg is
the result of two consecutive nuclear reactions: 6Li(n,t)4He and
26
Mg(t,p) 28 Mg. Two different alloys were used as target materials: 70%
Li and 30% Mg, both of natural isotopic compositions, and 75% Li
enriched in 6Li (95%) and 25% Mg of natural isotopic composition.
After the dissolution of the irradiated target material and subsequent
chemical separation, 28Mg was obtained free of gamma-ray emitting
interferences but still contained some 3H due to its formation from 6 Li.
Trace elements in the environment
The main activity is the development and application of physical,
instrumental and mathematical methods for radiochemical studies of
trace elements in the environment. INAA (Instrumental Neutron
Activation Analysis), using the reactor, is extensively used for
multielemental analysis in a large variety of samples. The perturbed
gamma-gamma angular correlation technique is being used and
further evaluated for speciation studies of specific elements in
aqueous and biological systems.
Biomonotoring of trace elements
Biomonitors are used for determination of the origin and distribution
of trace elements in the environment, for example lichens for trace
elements in the atmosphere (see figure 5), and marine waders for
heavy metal pollution of the marine environment.
A national lichen survey is nearly complete, and data are being
interpreted. In terms of nature and geographical positions of
suspected sources, the mechanisms of trace element uptake in lichens
are investigated, as is the relationship between concentrations in
lichens and concentrations in wet and dry deposition. In relation to
these uptake studies, research has been started in order to obtain
more information about trace element uptake 'oy algae.
In the study of marine waders, special attention is paid to the possible
biological functions of selenium, for which relatively high
concentrations are found in marine waders, apparently without any
toxic effects. In this respect attention is also being given to the levels
of unsaturated fatty acids in the birds and their food.
Trace elements in higher plants
Study is carried out of the uptake and transport of trace elements in
higher plants, with special emphasis on the effects of processes in
roots. The effect of the formation of organo-complexes on the mobility
of trace elements in and near the root is being investigated.

Figure 5: Cadm/um distribution in the atmosphere IA values observed by RIVM air
filter analysis), and in the lichen Parmelia Sulcata (B).

Perturbed gamma-gamma angular correlations
The perturbed gamma-gamma angular correlation technique for
establishing chemical binding in heavy metal was applied to 171Cd in
systems of reversed micelles and artificial membranes to get
information on the physicochemical parameters of such systems.
Some uncertainty still exists as to whether the results reflect the
behaviour of the cadmium atom in the water pools of the reversed
micelle or the physical characteristics of the water molecules in this
strongly structured water pool itself.
INAA system
The computerized fast rabbit system CAFIA (Carbon Fiber
Autonomous Facility for Irradiation and Analysis) was completed and
tested. Special attention has been given to additional safety
precautions required to operate such a reactor coupled system
unattended. The system is capable of irradiating and analyzing
automatically series of up to 64 samples. It is meant especially for
determination of trace elements via very short-lived radionuclides.
Due to a change in core configuration of the reactor, the neutron
spectrum in the irradiation facilities changed markedly and as a result
most of the calibration parameters for the INAA procedure had to be
established again. The calibration procedure for the second well-type
detector has been completed as well as the implementation of a third
detector. A study is caried out to achieve an optimal calibration
procedure less sensitive to the neutron spectrum, that is by conversion
to a multi-comparator procedure.
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To keep the computer control of the automated spectrometers for
gamma-ray spectroscopy up-to-date, the POP 11/44 computer is being
replaced by a network of Apollo computers (see figure 6). Moreover, a
more independent operation of multi-user experiments is being
realized by replacing the central CAMAC-interface by individual
interfaces between each spectrometer and its individual computer in
the network.
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Figure 6: New
approach for computer
control gamma-ray
spectrometer by a
network of
workstations.

Data handling
Factor analysis is one of the statistical methods being applied in the
interpretation of large trace elements in data sets. An extension is
being developed taking into account elemental concentrations below
the detection limits of the INAA-system. Until now, the omission of
data below detection limit has led to a substantial loss of information.
Service activities
The INAA-system is operated routinely as an analytical service for
universities and non-university institutes. These analyses are carried
out by either the interested scientists or externally funded personnel.
The majority of samples are of geological origin, while the remaining
samples include plastic and biological specimens. A growing interest
from various medical institutions within the country is observed for
the determination of selenium on a large scale in human blood and
toe-nails elucidcte the possible role of selenium as a protecting agent
against cancer or heart diseases.

Scientific report

\

Trace elements in animal and man
Radiochemical methods based on the use of the reactor are being
developed and applied for the study of trace element physiology in
animal and man, in relation to both health and diseases. Particular
emphasis is placed on the elements zinc, copper, platinum and
selenium.
Zinc
Because in zinc deficiency in children, confusing information is
obtained about the zinc status when at the same time infections are
present, animal experiments were performed to obtain a better
understanding. For these experiments, a whole-body counter (see
figure 7) was used, permitting measurements of the radioactive zinc
retained in the animal. The effect of endotoxin injections, which
simulate an infection, was studied using animals made zinc deficient
by feeding them a diet low in zinc. Zinc deficiency alone showed its
characteristic effects. Endotoxin in zinc-adequate animals showed
only a marginal effect on the zinc metabolism. However, when injected
in zinc deficient animals, the effects of deficiency were aggravated.
This may be explained by assuming that the homeostatic mechanisms
which normally try to neutralize the effects of deficiency, failed.

animal container

pseudb-cumene

10"

Figure 7: Whole-body counting
of animals is performed by
placing a container with the
animal into an indention of a tank
filled with a scintillation liquid,
equipped with a photomultiplier
connected to a multichannel
analyser. The efficiency of this
counter for 6SZn is 31%.

Zinc deficiency has been reported as influencing behaviour and other
mental processes in man and animals. To test whether a mild
deficiency would have an effect in rats, these animals were observed
and compared with controls. Only marginal differences in behaviour
were noted. Earlier, it had been shown that only a severe zinc
deficiency causes a decrease in the zinc content of the rat brain.

/
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Attempts to demonstrate changes in the content of metallothionein an important zinc binding protein - in the brain as a result of zinc
deficiency failed, probably because of the low concentration.
The study of the effects of burns on the zinc metabolism of patients
was continued and extended to more severe cases. The elevated zinc
excretion in urine, some weeks after the accident, was postulated to
be due to zinc, bound to low molecular weight products generated in
the damaged tissues. Further tests showed a close correlation in the
urine between the concentrations of these low-molecular weight
products and of zinc.
Copper
Isolated cells can be prepared from a rat and studied in vitro. To see
whether the copper metabolism of such cells depends on the copper
status of the donor animal, rats were made deficient by feeding them
a low-copper diet. When tested in vitro with M Cu, the copper
metabolism of the cells from these animals was clearly distinct from
that of cells obtained from copper-adequate rats.
With in-vitro techniques also the degradation of the metal binding
protein metallothionein was studied in two types of hepatoma cells.
The biological half-life of metallothionein was determined under
various conditions. The results indicated that the degradation of this
protein probably occurs in the lysosomes of these cells.
As in previous years, a number of tests with M Cu were performed in
patients with various diseases. Among others, a newborn infant was
identified who had copper deficiency, probably due to prematurity in
combination with the use of a certain drug by the mother.
Platinum and selenium
The study of the protection of selenium against the nephrotoxic
effects of the antitumour agent cisplatin was continued. The kidney
damage due to cisplatin could not be explained by oxidative stress. A
program was started to identify the cisplatin metabolites responsible
for the nephrotoxicity. A HPLC method has been developed to separate
various metabolic products of cisplatin (see figure 8) after labelling
with 195Pt.
Radiochemical techniques
As an alternative to the labelling of human plasma proteins with
radioactive 125l or 1 3 1 l, a method has been developed for labelling with
129
l, resulting in substantially lower radiation doses. This latter nuclide
is determined in plasma samples using DNAA (Destructive Neutron
Activation Analysis). The method has been applied to albumin in man.
This resulted in the same parameters for the metabolism of albumin
as the methods described in the literature, using labelling with 125l or
131
1, indicating the applicability of this technique for human studies.
A part of activities has been devoted to assistance of and co- operation
with guests in the field of DNAA, autoradiography and radio-HPLC.
Various short-lived radionuclides (for example 42K, 64Cu, 195Pt as
cisplatin) have been prepared and delivered to medical research

Scientific report

\

institutions or hospitals, and in some cases, assistance has also been
given in the interpretation of the results.
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metabolites:

Reactor Physics
Statics, dynamics and noise of nuclear reactors
The research project on noise in boiling water reactors (BWRs) was
concentrated on stability determination and monitoring of thr?
Dodewaard BWR. Measurements performed after the annual
refuelling showed a very stable reactor. For a better test of the method
applied, a strongly asymmetrical power distribution was created in
the core, which led to a less stable reactor. The total-core stability as
well as local changes of the stability can be monitored adequately
with three ex-vessel neutron detectors. To investigate the detector
response to fluctuations at different positions in the core, the theory
developed in the Reactor Physics Group to calculate complex
frequency-dependent detector response functions (DRFs) was
elaborated for multi-group neutron diffusion theory. It was confirmed
that the standard computer code EXTERMINATOR is suitable for
treating such problems where negative cross sections and fluxes may
arise. Results of the DRFs for an ex-vessel detector in the Dodewaard
reactor are shown in figure 9.
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With the experimental set-up for boiling detection at the HOR core
consisting of an electrically heated simulated fuel assembly,
measurements were performed to establish the heat balance for this
experiment for different electrical heating powers and coolant
velocities. About 30% of the produced heat leaks from the assembly
to the surrounding reactor pool water. Measurements of power
spectral densities of neutron noise signals at small steps in heating
power showed sharp peaks at frequencies slightly dependent on the
heating power. It could not yet be determined whether the cause lies
in thermal-hydraulic instabilities cr vibrations initiated by the boiling
or another effect. The differences in velocity of the coolant in the
set-up measured with a coolant flow turbine and the value deduced
from noise measurements can be partly attributed to the gauging of
the flow meter and partly to a decreased effective cross-section of the
coolant channels. The remaining difference may be attributed to the
radial velocity profile of the coolant.
The NJOY87 code for generating fine-group cross-sections has been
included in the reactor physics computer code package for reactor
core calculations. This code handles different formats of the Evaluated
Nuclear Data File ENDF/B and the Joint Evaluated File JEF. To enable
the Nordheim integral treatment of the cross-section resonances in a
later processing stage, it was decided to develop a module for NJOY87
that performs only part of the resonance calculation and allows
certain resonance parameters to be passed on to another code. Our
approach, based on the XLACS code, was discussed with a code
specialist from Oak Ridge National Laboratory (USA) and was nearly
complete at the end of the year.
In a project supported by the Netherlands Technology Foundation
(STW), the properties of a gaseous core fission reactor (GCFR) with
fue\ consisting of uranium fluorides and carbon fluorides are being
studied. Calculations were performed of the effective multiplication
factor and neutron generation time for various fuel densities and
geometries. For a GCFR with oscillating fuel mass, the
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thermodynamics have been studied to determine the amount of
external power to c-.* gained. In crder to describe the thermodynamic
behaviour of the fuel realistically, the data defining t h - equation of
state of the fue> gas mixture were obtained from the Institute for
Atomic and Molecuiar Physics (AMOLF) in Amsterdam. The accuracy
fo» interpolating hese data with base splines was investigated. In
order to be able to check the thermodynamical cycle calculations with
realistic gas data, a model gas 'Modelium' was defined with an
equation of state as for an ideal gas but with an analytically defined
function for dissociation of ihe gas molecules with temperature. A
method was developed for the calculation of the static radial
temperature distribution in the reactor, which could also handle heat
conduction and gas dissociation. Gas dynamics were studied to
introduce magnetic pumping of the reactor and to investigate the
possibility of producing super-critical fuel densities using standing
waves in the gas. An all-software simulator of a GCFR was developed
with a relatively simple thermodynamic model and control from the
terminal keyboard.
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A shielding project supported by the Ministry of Economic Affairs
aims at developing a flexible and easy-to-use shielding code and to
update necessary data libraries in The Netherlands. The code under
development, MARMER, is based on the point-kernel method with
build-up factors and uses a general geometry package. Several
methods for treating the build-up of radiation in layers of different
materials are implemented. The nuclide inventory code ORIGEN-S
was coupled to MARMER to introduce the radioactivity of a nuclear
reactor as a gamma source in a shielding problem. A pre-processor
was written to simplify the input to ORIGEN. An isotope library,
generated from the JEF-1 file, facilitates the definition of a decaying
radioactive source. Calculations were performed for the build-up
factor in iron up to 40 mean free paths with a multi-group discrete
ordinates transport code (XSDRN) using the VITAMIN-C mixed
neutron/gamma library as a data source (see figure 10). It turned out
that for accurate calculation of build-up factors for deep penetrations,
much smaller energy groups and a sufficiently high order angular
scattering representation must be used. Measurements in a laboratory
experiment with a ^Co- and a 137Cs-source and various shielding
geometries of water, paraffin and lead layers were performed.
Calculations with MARMER showed in general a fair correlation.
With the department of Civil Engineering of the Delft University of
Technology, an experiment has been set up to determine the moisture
contents of concrete by y-transmission measurements.
Radiation damage
In 1988, a strong impetus was given to the positron activities of the
group when the Variable Energy Positron (VEP) facility became
operational. Research with the VEP was, in this initial phase, directed
towards exploring the potential of the positron beam for materials
analysis. For that purpose a wide variety of samples, well
characterised by other techniques, was obtained from industrial and
university laboratories. One of the first VEP results was obtained for a
layered structure consisting of alternately stacked (100 nm thick) Niand Ti- layers on top of a silicon substrate. With positron beam
analysis the depth-position of the interfaces could be determined, and
composition changes, caused by thermally-induced interdiffusion of
Ti and Ni, over distances of 10 nm could be detected fairly well. The
results confirmed the results obtained by X-ray diffraction on a sample
with thinner layers and the results of thickness measurements
obtained during sputter deposition of the layers. Measurements on
TiN coatings on stainless-steels (University of Diepenbeek, Belgium)
showed the effects of the different pre-treatments of the steel surface
and effects of thermal annealing. Samples of interest for application
in semi-conductor technology were obtained from Philips Research
Laboratory. The majority of these samples were based on silicon, for
example buried oxide layers in silicon, implantation doped Si and
epitaxially grown Si on Si, but also silicon wafers, n- or p-type
(produced by the Float Zone or the Czochralski Growth Method) with
various uniform dopant concentrations. Defects and interfaces could
be identified, and, of particular interest, electrical fields caused by for
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example surface-charges, charges at interfaces or by n-p junctions
could be detected and quantified. In one sample, vacancy type defects
were detected, which were unnoticed by the standard Rutherford
Backscattering (RBS) technique for defect analysis.
The analysis of the positron beam measuring results has greatly been
improved by the introduction of a novel numerical approach in the
earlier developed POSTRAP program, which models the behaviour of
the implanted positrons. The program was extended with an option
for automatically fitting the data and with an option for including the
effects of electrical fields.
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Figure 11: He-implanted Si (see text).
The theoretical curve 11} takes into
account the presence of defects;
curve (2) represents defect-free
silicon. The figure above shows a
cross-section of the sample with the
position of micro-cavities and voids.
POSITRON ENERGY IkeV)

A result of positron beam analysis of helium-implanted silicon is
given in figure 11. This measurement formed part of a project in which
porous layers in silicon caused by light-ion bombardment are being
studied using several techniques. The positron beam technique
indicates the presence of large cavities (strong Doppler broadening
indicated by the S-parameter) at the implantation depth of the helium,
which are also visible on the Scanning Electron Microscope (SEM)
picture taken from a cross-section of the sample (figure 10).

20

Photo 1: Views on cleavage surfaces of He-irradiated silicon samples, la) subsurface
cavities; (b) blister-domes.

In addition the positron beam analysis revealed the presence of
micro- cavities (or small helium bubbles) in shallower and deeper
regions of the sample. Photo 1 shows SEM pictures of silicon
irradiated with 30 keV helium ions. The pictures are taken at a dose
where subsurface cavities have already reached a considerable size.
On the surface, blister-domes are visible, which apparently had
developed by local de-cohesion of the top-layer, followed by plastic
deformation of the blister-cap under action of lateral stresses in the
top-layer and the pressure of gas accumulated in the blister-volume.
In contrast to what was expected for silicon, which at room
temperature is very brittle, the plasticity of the blister material must
have been unusually high because blister-domes have been observed
with a height to diameter ratio of nearly unity. Swelling and helium
desorption measurements indicated that up to a critical dose of
2x10 cm ~2 small helium bubbles develop; beyond this dose large
cavities and blister-domes are formed.
Gas desorption spectrometry was applied to hydrogen and deuterium
implanted Into silicon and to noble gases into U0 2 -crystals. The
hydrogen-silicon results indicate that, at low implantation doses, the
majority of trapped hydrogen has been bound to Si- dangling bonds.
The release takes place at 900 K. For higher doses, desorption-peaks
develop at lower and at higher temperatures, which was explained by
the formation of hydrogen clusters. TEM investigations (Transmission
Electron Microscopy) in this dose-region indicated the presence of
small hydrogen bubbles. Preliminary results on U0 2 suggest that
there are 4 or 5 competing noble gas release processes in addition to
the diffusional release process reported in the literature.
The plasma-fusion related research (for example in the context of the
European Fusion Program, Task Mat. 20.2 related to plasma-wall
interactions) was concentrated on ion-induced desorption and
hydrogen defect interactions in Mo, W and 316L metals. One of the
desorption- spectrometers in use for this type of research was
equipped with an Auger-apparatus for surface composition analysis.
An unexpected result was obtained for hydrogen/deuterium
interacting with tungsten: deuterium implanted into oxygen-covered
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tungsten could not be exchanged with hydrogen by exposure of the
surface to hydrogen gas. Apparently the deuterium, which after
implantation had diffused back to the surface, had occupied surface
sites that are separated from the vacuum accessible surface sites by a
potential barrier. Related effects were observed for molybdenum. The
uptake of injected hydrogen into bulk voids was a factor of 5 higher for
an impurity-covered surface than for a cleaned surface.
Health physics and dosimetry
The main attention to thermoluminescence (TL) dosimetry continued
in 1988. TheTL mechanism of LiF (TLD-100) has been studied with two
techniques. At first, computerized analysis of the glow curves has
been tested in various radiation fields. It showed that the trapping
parameters (activation energy E and frequency factor s)
corresponding to the glow peaks 2 , 3 , 4 and 5 (see figure 12) are the
same for each peak irrespective of photon energy (within the range
from 29 keVto 1.25 MeV) and radiation dose (within the range from
0.0005 to 1 Gy).
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Figure 12: Typical TL glow curve of TLD-100 after Co-60 gamma ray irradiation,
showing the measured glow curve fitted with the four first order glow peakes. The
superposition of the four peaks can hardly be distinguished from the measured
curve.
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Glow curves induced by /3 radiation of a ^Sr/^Y source also give the
same parameter values. For higher dose values (D> 1 Gy) and a
radiation, the glow curve becomes very complex and in those
situations no consistent model parameters were found.
The other technique used to determine the trapping parameters is
known as 'the varying heating rate method'. This method is based on
the shift in peak position when the heating rate is changed. Two
heating schemes were used. One with a linear increase of the
temperature with time and another with a hyperbolic increase. Both
heating schemes yield the same trapping parameters. However, for
peaks 2, 3 and 5 the activation energy appeared not to be constant at
different heating rates. This striking result induced research into the
behaviour of the model parameters at different cooling rates in the
annealing procedure which the samples undergo before the radiation.
Under those circumstances also, a varying E, now with the cooling
rate, was determined. In collaboration with Oklahoma State
University, the broad trends regarding peaks 2 and 5 were described in
terms of clustering and precipitation of the impurities in the host
crystal. However, many of the details, especially of the parameters of
peak 4, are not understood. A publication about this subject is being
prepared.
Research into the TL response of CaF2: Tm (TLD-300) in mixed
neutron/photon fields has been continued. The glow curve of this
material shows two main peaks with different sensitivity to neutrons.
In a mono energetic (14.8 MeV) neutron radiation field and with
encapsulation of theTL material in a tissue equivalent container, these
peaks differ in neutron sensitivity by a factor of 3.2. This difference
allows determination of both gamma and neutron dose in a mixed
radiation field with only one detector. It should be noted that this
result is only valid for measurements performed in air and with a
mono energetic neutron beam due to the strong variation of the
sensitivity with neutron energy.
A new ultra high sensitive TL material LiF:Mg,Cu,P (GR-200) was
tested. The measured sensitivity is close to the value claimed by the
manufacturer. A decrease (17%) in sensitivity after repeated use has
been observed. In addition, a change in glow curve shape at low
cooling rates in the annealing procedure starting at 240°C for 10
minutes has been noticed which was not reported earlier.
Finally, we wish to mention the successful Symposium on
Thermoluminescence Dosimetry at Bilthoven in March. The IRI made
a major contribution to the organization of this Dutch/Belgian
Symposium, which was attended by 105 participants.

Radiation Chemistry
Research in the Radiation Chemistry section has the twofold objective
of solving fundamental problems concerning the interaction of highenergy radiation with matter and applying the knowledge thus

Scientific report

obtained. The main research facility is a 3 MeV pulsed Van de Graaff
electron accelerator (shortest pulse 300 ps) with various detection
techniques with subnanosecond time resolution (optical absorption
and emission, dc and microwave conductivity).
Excitation and ionization
The interaction of high energy radiation with matter results in
electronic excitation and ionization. The transient species are studied
experimentally by measuring the fluorescence, optic absorption and
electrical conductivity.
The formation and quenching of fluorescent solvent excited states in
cis-and trans-decalin, with various electron and hole scavengers
present, has been studied by measuring fluorescence after pulsed
irradiation. The ratio of the depression of the yield of formation of
fluorescent excited states to the yield of charge scavenging has been
found to be high, approximately 0.9, for all scavengers used, with a
tendency to decrease at higher concentrations. The high ratio of 0.9
for the average probability of singlet formation from charge
recombination is qualitatively in agreement with the expected
contribution of longer-lived single ion pair spurs to recombination at
longer times. At higher scavenger concentration, a relatively large
contribution of the shorter-lived multiple ion pairs spurs, giving more
triplets by cross recombination, is expected to lower the average
singlet formation probability.
The transient absorptions of pulse irradiated liquid alkanes
cyclohexane, cis- andtrans-decalin have been studied. The absorption
shoulders around 250 nm have been attributed to alkyl radicals. To
determine the extinction coefficients of the radicals, saturated
solutions of the alkanes in water, flushed with N20, were irradiated and
the absorption measured for times up to 60 ^ s .
The maximum in the absorption around 500 nm in trans decalin could
be attributed to the (fluorescent) solvent excited state, because of its
decay and the effect of solute scavengers for electrons (SF6, C02) and
positive holes (iso-butene).
Due to the relatively large disturbance from the Cerenkov light pulse,
particularly in the UV, the possible growth of radicals resulting from
the decay of the (fluorescent) excited states could not be seen.
The recombination of charged species in tracks of high-energy
electrons in non-polar liquids was studied theoretically in
collaboration with visiting scientists from Japan and Poland (Tsukuba
Research Centre, Japan; University Lodz, Poland), partially financed
by NWO (The Netherlands Foundation for Scientific Research). The
relative probability of the formation of singlets and triplets after
recombination and the effect of external electric fields on kinetics
have been studied, both analytically and by means of computer
simulation.
At the Institute for Combustion and Chemical Kinetics in Novosibirsk
(USSR), experiments were carried out on magnetic field effects on the
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fluorescence of hydrocarbon solutions containing small amounts of
paraterphenyl.
Microwave experiments carried out in ca'.^boration with the
University of Melbourne (Australia) on the . 3cay of the electron
conductivity signal in oxygen gas have been nalysed. It has proved
possible to separate the effects due to electron thermalization and
electron attachment and to obtain an accurate estimate of the
thermalisation time of 15 /us.torr.
DNA and model systems
For many years the effects of high energy radiation on DNA and DNA
components have been studied in close collaboration with the
Department of Biophysics (Vrije Universiteit Amsterdam).
Photo-induced charge separation
The time resolved microwave - conductivity technique (TRMC),
developed at IRI - is applied to the study of intramolecular charge
separation in specialy sythesized molecules in non-polar solvents.
Results were obtained on Donor-lnsulator-Acceptor (DIAD)
compounds linked by both flexible, polymethylene and rigid,
polynorbornylene bridges in collaboration with the University of
Amsterdam and the University of New South Wales, Australia. The
results on the flexible DIADs, with n( -bonds) = 3,4,5 and 8, showed
the important role that singlet-triplet intersystem crossing can play in
charge separation both in the local excited state and in the charge
separated state. For the rigid DIAD systems, large differences in the
rates of both charge separation and recombination were found even
within saturated hydrocarbon solvents which varied in dielectric
constant from 1.89 (n-hexane) to 2.17 (trans-decalin). A PhD thesis
(University of Amsterdam) was based in part on this work.
Charge separation in semiconductor materials
Electrical conductivity measurements in powdered samples can be
performed without contact problems using the TRMC method and the
pulsed 3MVVan de Graaff accelerator as an injector for electrons and
holes. Measurements of the effect of particle size on the effective
mobility of electrons in small particles of cadmium sulphide have
been carried out with samples provided by the University of Rochester
(USA). For average particle 'radii' of 500, 30 and 3 nm, mobility was
found to decrease from 250 to 80 and < 0.1 cm2/Vs respectively, as
compared with the bulk crystal value of 300 cm2/Vs.
Work on Ti0 2 particles used as paint pigments was carried out in
collaboration with TNO, Zeist. Only a partial correlation could be
found between the TRMC transient signals in the powder samples and
the photocatalytic activity.
The analysis of the kinetic data obtained on micron layers of
amorphous silicon on glass was rounded off and included a PhD
thesis (Department of Electronic Materials, Faculty of Electrical
Engineering, Delft University of Technology).
The sudden TRMC transition found at the critical temperature of high
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temperature superconducting materials was further studied and
appears to be a general effect since the original effect found in
DyBa2CU307-x has been reproduced for the Thulium and Yttrium
compounds which were provided by the Philips Research Laboratory.
It is thought that the sudden increase in radiation induced microwave
conductivity as the temperature is lowered through Tc could be due
simply to a sudden temperature rise of the sample on irradiation,
which for the pulses used would amount to AT = 0.3 K.
Polymer systems
Research is carried out on the charge separation and charge migration
in polymeric systems resulting from high energy radiations.
The study of charge migration in UHMW (Ultra-High Molecular
Weight) polyethylene by means of the Q-band Time Resolved
Microwave Conductivity (TRMC) system has been continued. Using
stretched polyethylene it has been shown that the conductivity in the
direction of the chain is larger than in the direction perpendicular to it.
A tentative estimate of the mobility of the charge carrier at room
temperature is 1 x 10~4m2/Vs. We do not know at present whether the
charge migration is due to electron-holes or excess electrons. The
temperature dependence of the conductivity at the end of the pulse is
shown in figure 13, together with a typical example of a transient
conductivity signal.
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Instrumentation
As part of a FOM (Foundation for Fundamental Research on Matter)
research project in quantum electronics to increase the time resolution
of the TRMC technique into the picosecond time regime, a new
microwave detection apparatus has been designed and constructed.
The new method makes use of the multi-gigaherz time response
capability of the Tektronix 7250 transient digitizer to detect
microwaves in real time, that is without rectification. The apparatus
has been successfully tested by observing conductivity transients in a
sample of silicon induced by the 300 ps pulse of the Van de Graaff
accelerator. Further tests using a 25 ps pulse of a Nd/YAG laser carried
oui in collaboration with the University of Leiden showed the risetime
of the present set-up to be slightly less than 200 ps.

Radiation Physics
Neutron scattering
The Neutron Scattering Group is investigating the dynamical and
structural properties of a number of liquids, dense gases, and solids.
Experimental techniques available within the group are Inelastic
Neutron Scattering (INS) and neutron diffraction. Theoretical work
and computer simulations, as well as the study of transport
coefficients, are carried out in close connection with the INS work.
Dynamics of fluids
The inelastic neutron scattering is applied to obtain information on
motions of atoms or molecules in dense fluids on a pico-second scale,
easurements on supercritical 4He along the 25 K isotherm at two
densities (18.6 and 24.8 nm~3) carried out on the rotating-crystal
spectrometer RKSII, have been analysed and compared with various
Molecular Dynamics (MD) computer simulations. The transport
properties of 4He have been studied by describing the coherent
dynamic structure factor in terms of three modes, that is to say one
diffusive heat mode and two propagating sound modes. The reflection
of the quantum behaviour of the light helium atoms is seen in the
sound dispersion relation ^ ( k ) , in particular in the occurrence of a
sound propagation gap near ka ~ 2/r at a density where this does
not occur in a pure classical system. Another reflection of this
quantum behaviour is the observation that the best correlation
between simulation and experiment is found when a quantum
corrected potential is used instead of a classical Lennard-Jones or Aziz
potential.
The analysis of the incoherent structure factor in H 2 at 119 K and 768 K
bar, as measured in 1987 at IRI, has been continued and improved. By
contrast with the case of liquid Na, there are significant deviations
from the mode-coupling theory of De Schepper and Ernst at values of
a the wavevector k > 3 nm"1. Molecular Dynamics simulations have
been a performed on a Lennard-Jones fluid (representative for
hydrogen at 119 K and 21 nm"3) to determine the Fourier transformed
velocity autocorrelation function z(w) and the incoherent dynamic
structure dfactor Ss(k,a>). It appears that z(w) can be obtained from

27

Scientific report

\

Ss(k,tu) by d extrapolation to k=o only when data for Ss(k,w) are
included with k smaller than (W2D) , with D the self-diffusion
coefficient. This procedure has been successfully applied to the
neutron scattering data for Ss(k,w) of hydrogen to obtain z M , as
shown in figure 14, for the first time at all frequencies w by means of
neutron scattering.
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Figure 14: The Fourier transformed velocity autocorrelation function z(o>) of
hydrogen gas as a function of «> obtained from neutron scattering (dots with error
bars) and from nuclear magnetic resonance (open circle at w = 0). The full curve is
the 2l(fi) of a corresponding LJ fluid. The dashed and the dashed-dotted curves are
the predictions from the mode-coupling and the Enskog theories, respectively.

It has been shown that the density dependence of the shear viscosities
of argon and methane can be understood (in particular near the
fluid-solid phase transition) on the basis of the mode-coupling theory
and the observed behaviour of the halfwidth of the dynamic structure
factor S(k,a>) for wavenumbers k near km where the static structure
factor S(k) has its first maximum. Thus a direct connection appears to
exist between a macroscopic quantity (the shear viscosity) and a
microscopic quantity (the decay frequency of microscopic density
fluctuations with k ~ km).
For a binary mixture of hard spheres explicit expressions have been
derived from the Enskog theory for the partial dynamic structure
ufactors Sn (k,w), S22 (k,o>) and Si 2 (k,o>) of the components 1 and 2. The
results have been used to understand the behaviour of the S,, (k,oj)
observed in Molecular Dynamics simulations of mixtures
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representative for 80% He - 20% Ne at 45 K. In particular a fast sound
mode (relevant for the He-atoms) and a slow sound mode (relevant for
the Ne-atoms) are found. Neutron scattering experiments on actual
He-Ne mixtures have started.
Using the Enskog theory all transport coefficients relevant for the S,j
(k,w) have been calculated as a function of mass ratio and
concentration for binary hard sphere fluid mixtures. The addition of
only one percent of very heavy particles to a pure fluid of light particles
yields an increase of the sound damping by factors 3 to 5.
Structure of fluids and interfaces
Neutron diffraction and Neutron Small Angle Scattering (SANS) are
applied to obtain information on distances of atoms or molecules in
dense fluids on a nanometer scale. The vanishing density limit C0(k) of
C(k)=[S(k)-1]/n S(k) (n is the number density) for 36Ar at 140 K was
determined from the analysis of the density dependence of neutron
diffraction data at low (subcritical) densities. The coefficient Ci(k) of
the linear term in the density expansion of C(k) has a contribution in
which the three-body potential is involved. The experimental values of
d ( k ) are in agreement with calculations based on the Axilrod-Teller
three-body potential, except possibly at the lower k-values of our
experiment. Another neutron diffraction experiment at the same
thermodynamic states was performed in collaboration with the
University of Florence (Italy) and the Institute Von Laue-Langevin,
Grenoble (France) using D20 of ILL; the effective lower k-value in this
experiment was 1.25 n m ' 1 instead of 2.5 nm" 1 in the previous one.
Neutron diffraction experiments with liquid bromine in the isobaric
state at 296 K were carried out. From the interval normalisation, the
intramolecular bromine distance was determined as 0.2332 nm. The
overall correspondence with the X-ray diffraction intermolecular
scattering function obtained by Narten is good; the resolution in the
present data is better. The radial distribution function has two well
separated peaks at 0.40 and 0.56 nm. These are the distances from a
given atom to the bromine atoms on a first neighbour molecule.
In collaboration with the University of Groningen and the Netherlands
Energy Research Foundation (ECN), diffraction experiments were
performed on liquid Li77 Ga23 at 475°C, and Li6oGa5o at 750 °C at ISIS.
Data have yet to be analysed.
An experimental set-up has been built to determine the water
distribution in cemented bricks and the joints as a function of time and
position by means of thermal neutron transmission measurements in
collaboration with the Delft University of Technology. The first results
are shown in figure 15.
In collaboration with the Wageningen Agricultural University (LUW),
SANS experiments (Small Angle Neutron Scattering) at ISIS on the
emulsifier Glyco Lacto Palmitate (GLP) were performed to characterize
the lamellar structure as a function of the D 2 0 content. It was found
that the swelling of the layers with D 2 0 depends on the composition
of the GLP + sugar + protein and on the way of preparation.
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Figure 15: Water distribution over mortar and bricks, 24 hours after cementing two
bricks, as obtained from neutron transmission experiments using a 1 mm wide slit.

Instruments and methods
The possibility of exploiting Larmor precession of polarized neutrons
for labeling the neutron wavelength in diffraction and Inelastic
Scattering (INS) has been investigated. The realization of the INSoption appeared not to be feasible at the HOR. A project has been
started in which beam tube L2 will be replaced by a new one,
containing two stacked neutron guides (or mirror filters). A feasibility
study for a neutron reflectometer at IRI revealed that, in combination
with the mirror filter, it will be possible to build such a spectrometer
with a good performance. Neutron reflectometry is a sensitive, nondestructive probe for surface structures from 10 to 5000 A.
Transport coefficients
The study of transport coefficients is of direct relevance to the theory
underlying the interpretation of the dynamic structure factor
determined by INS. The density and temperature dependence of the
shear viscosity, thermal conductivity, thermal diffusivity and selfdiffusion coefficients of the rare gases and methane obtained from a
great variety of precise data have been studied in a density range from
the solid to the dilute gas. The transport coefficients of the rare gases
obey the corresponding states principle. The transport coefficients at
constant reduced density show a power-law dependence on the
reduced temperature, except in the critical region. Combining this
behaviour with their smooth variation as a function of the reduced
density at constant reduced temperature, allows estimates to be
made of the transport coefficients at thermodynamic states for which
no experimental data are available.
A simple connection can be made between the minimum half-width
of neutron spectra and the transport properties of a number of rare
gas fluids.
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Polarized neutron research
The neutron depolorization method, developed at IRI, enables studies
of static and dynamic domain studies in ferromagnets and the
determination of parameters that characterize these structures on a
micron scale.
CoCr films and Alumites
Neutron depolarization experiments on CoCr films with a NiFe
sublayer in collaboration with the University of Utrecht have shown
that the soft magnetic layer increases the domain height of the CoCr
domains perpendicular to the film. A stripe domain structure after in
plane magnetization has been demonstrated. The same stripe
structure has been observed in CoCr films on a plastic substrate.
Experiments on Alumites obtained from Yamaha (Japan) after in
plane field showed a behaviour quite different from CoCr films. The
results could be explained both qualitatively and quantitatively .
SANS experiments on CoCr films have been carried out on instrument
D11 at the Institute Von Laue-Langevin (France). The measurements
confirmed the earlier results obtained with neutron depolarization but
provided additional information, especially about the so-called initial
layers of the films.
Small particles
Neutron depolarization experiments on Cr0 2 recording tapes obtained
from the Philips Research Laborator/ demonstrated that the
magnetizations of the Cr0 2 particles are correlated during the
magnetization reversal process.
In collaboration with the University of Nijmegen, SANS experiments
on ferrofluids (magnetite in H 2 0 and D20) were performed on
instrument LOQ at ISIS. A kind of chaining of the particles in the
presence of a magnetic field has been shown. From the scattering
results the mean chain distance could be determined as a function of
the particle concentration and other properties. By measuring
samples with various dilutions of H 2 0 and D 2 0, the magnetic
scattering could be distinguished from the nuclear scattering.
SANS experiments performed at the Laboratory Louis Brillouin
(Saclay, France) on voids in Ni filled with Kr under very high pressure
have enabled us to determine the field dependence of the size of the
magnetic inhomogeneity associated with the voids. This could be
related to the magnetostrictive anistropy and therefore with the local
pressure at the surface of the voids. It appeared that the
8measurements were mainly sensitive for large voids.
Theory
A detailed study has been performed on the intrinsic anisotropy of
depolarization in isotropic materials. In addition to the quantum
mechanical treatment by Maleev (Leningrad), we have shown that a
classical approach to the problem also gives correct answers. It
appears that the anisotropy is caused by the Maxweliian law that the
'magnetic induction has no sources.
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Instrumental
The Larmor precession technique was developed to a level adequate
for accurate wave length dependent transmission experiments. The
technique was also successfully applied to the study of spectral
changes when the cold neutron source came into operation, in the
studies of a polarising supermirror system and of a prototype of a
Ni-mirror. In the latter study, a software wave length resolution filter
was successfully introduced in the measuring procedure to reduce the
measuring time by a factor of two (see figure 16). Preparations have
been made to improve the resolution of the method by constructing a
new Larmor coil.
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Figure 16: Counting scores of the neutron beam transmitted through a neutron
guide consisting of two prototype Ni mirrors plotted as a function of the magnetic
induction in the precession coil between a polariser and analyser in front of the
guide. In the measuring procedure a 'filter' was introduced leading to an exposure
time ranging from a maximum value (at B=0) to zero lat B=20x W~JTj according to a
cosines-square function.

The change of the software control of the polarized mirror set up from
the central IRI-computerto a microprocessor (Capro 68000) was
completed.
The multidetector meant for the energy analysis at the mirror set-up
has been supplied with new amplifiers and discriminators and a new
time coding system for data handling.
A study was made concerning the use of neutron mirrors as a means
of filtering fast neutrons and y-rays from a direct beam.
Mössbauer spectroscopy
The Mössbauer effect is used to study both magnetic and electrical
properties of materials on a nanometer scale. The main subjects of
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research are the characterization of catalysts and the investigation of
rare earth-transition metal components.
Characterization of catalysts
Mössbauer spectroscopy is an excellent technique for in-situ
investigation of iron-containing catalysts. Alloying metals provides a
powerful means of influencing and optimizing the performance of
catalysts. As catalysts should preferably have high surface areas,
small particle alloys supported on high surface area materials are of
great practical interest. The study of the reduction behaviour as well
as the behaviour under Fischer-Tropsch synthesis of different FeCu/
Si0 2 catalysts is being continued in collabor a tion with the University
of Utrecht. Although these bimetallic catalysts prepared from
polynuclear metalcyanide complexes decompose under FischerTropsch synthesis also, the catalytic activity remains higher than for
the pure iron catalyst.
Hydrotreating catalysts are used within the oil-refining industry for
the upgrading of fossil fuel fractions. These catalysts, which are active
in the sulfided state, become more and more important for
hydrodesulfurization (HDS), hydrodenitrogenation (HDN) and
hydrodemetallization (HDMe) of heavy crude oil fractions and coal
liquids. In collaboration with the Eindhoven Universtity of Technology,
carbon-supported iron sulfide and iron-molybdenum sulfide catalysts
have been investigated in the last four years.
Last year, the subject of the study shifted towards Co/C and Co-Mo/C
catalysts. Work on the subject states that the thiophene HDS activity is
almost completely governed by a so-called 'Co-Mo-S' phase in Co-Mo/
Al 2 0 3 HDS catalysts.This 'Co-Mo-S' phase is defined by its Mössbauer
emission spectrum. In figure 17, room temperature Mössbauer spectra
of Co/C sulfided at 473 K and Co-Mo/C sulfided at 673 K are given.
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Figure 17: In-situ Mössbauer emission spectra of sulfided Co(0.04)/C and Col0.04l
Mo(6.84)/C.

Scientific report

\

These spectra show an identical quadrupole doublet, which turns out
to be similar to the doublet ascribed to the so-called 'Co-Mo-S' phase.
These results support the work on the subject of the Eindhoven group
that the promoter effect in sulfided Co-Mo catalysts can be explained
completely by the exceptionally high catalytic activity of cobalt sites.
Rare Earth Compounds
As a continuation of the 169Tm Mössbauer measurement of the high Tc
dsuperconductor TmBa2Cu3069 (Tc= 90K) we have measured
TmBa 2 Cu 3 0 6 5 T c = 58K). As shown in figure 18, it appears that the
minimum found in the temperature dependence of the quadrupole
splitting at 90K had to be ascribed to crystal field effects rather than to
a distortion atT c . The study has been done in collaboration with
Philips Research Laboratory.
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The R2 Fei4C intermetallic compounds are studied with 57Fe, 161Dy, lbbEr
and 1ëöTm Mössbauer spectroscopy. It appears from the magnetic
transition temperatures, the magnetic coupling constants and the
lower order crystal field parameters that these compounds are as
good as permanent magnets as their R2Fe14B counterparts.
The study of the intermetallic compounds Tm2Fe17Cx, which are
important for a fundamental understanding of the magnetic behaviour
of permanent magnets containing iron is very interesting. From the
magnetization measurements, it appears that both the Curie
temperatures and the spin reorientation temperatures increase with
increasing carbon interstitials in the hexagonal Tm2Fei7 compound.
Moreover, from measurements with 57Fe Mössbauer spectroscopy, it
follows that with increasing C concentration the Fe moments increase
in magnitude, while the magnetic anisotropy of the Fe sublattice for
the basal plane remains about the same. From the 169Tm Mössbauer
spectroscopy, it appears that the magnetic anisotropy of the Tm
sublattice for the c-axis increases with an increasing number of C
interstitials.

Scientific report

The work on the rare earth intermetallics is done in close collaboration
with the Philips Research Laboratory.
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Au-Mossbauer spectrometry
The study of particle vibrations in Cu-Au and Ag-Au alloy-sinters is
being continued in collaboration with the Medical and Pharmaceutical
University of Toyama (Japan). When, in addition to the lattice
vibrations the gold atoms also participate in oscillations of the sinter
particles, the latter will cause a lowering of the effective Debye
temperature. Under certain circumstances this inelastic effect will
show up in the Mössbauer spectrum by an additional quasi-elastic
contribution. In the case of a powder sample of Au-Cu sinter particles,
a significant line broadening is observed with increasing temperature.
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HOR
The reactor operation schedule during 1988 has been governed by the
requirements of the experimental programme and the development
and testing of new experimental facilities. This year, it was 25 years
since the reactor went critical for the very first time. The occasion was
commemorated by a symposium and associated festivities. A photo
booklet was published, giving a pictorial overview of HOR-history.
Operating statistics
The reactor has been operating normally at a power level of 2 MWfor
most of the time. The operational availability during the year was
72.5% of scheduled duty time, with an availibility figure of 97.9% of
scheduled operating time (see table 1). There were 8 shutdown
periods: Periodical core reloading/experiment setup (6) and
maintenance and plant modification work (2). In addition to the
planned shutdowns, there were 9 unplanned stops of which 3 were
initiated by scram action.

Table 1: HOR operational statistics overview

Full power utilization
Additional power operations
Checkout-, start- and stop-procedures
Fuel reloading/core assembling activities
Instructions and special measurements
Maintenance and plant modifications
Modifications of experimental facilities
Leaktightness test of safety containment
Unplanned shutdowns
Shutdowns on special occasions
Total (#5594 hours)

67.9%
4.6%
5.2%
4.0%
0.6%
13.1 %
0.3%
0.7%
2.1%
1.5%
100.0%

Maintenance and plant modifications
During the summer holidays, routine maintenance was performed for
reactor instrumentation and technical support systems. The hoist and
driving motors of the hall crane were replaced and the electrical
circuitry was modified accordingly. The rubber gasket sealing
construction of both containment airlock doors has been modified in
view of excessive wear experienced with the old construction.
Applications, experimental facilities
Commissioning and experimental program tests were performed for
the cold neutron source (liquid methane,loop-type) in front of one of
the beam tubes. The preliminary beam tube measurements did show
very promising results,but the function tests could not be completed
due to inadvertent loop malfunctioning. Further experimental
program tests are being planned for 1989.

The following neutron beam type research instruments were in use:
Rotating Crystal Spectrometer, Mirror Polarimeter, Crystal Pblarimeter,
Liquids Diffractometer, Multipurpose Diffractometer and a Position
Sensitive Detector Arrangement. For reactor-physics-type
experiments, several facilities were in use concerning boiling/
nonboiling heat transfer and neutron noise detection. A wide variety
of irradiations has been performed with the reactor's facilities: 3 slow
rabbit systems (915 irradiations), 1 fast rabbit system (3424
irradiations), 4 dry irradiation tubes in the core relector and 1 wet,
rotating facility for large samples (224 irradiations).
Fuel supply
A batch of 16 standard HOR fuel elements was delivered this year. This
is the last batch produced from highly enriched material. Core
conversion to low enriched material will stait in the early nineties.
Fuel element design and safety analysis activities are in progress
now.Some delay has been encountered concerning shipment and
reprocessing of spent fuel. The U.S. policy for acceptance of irradiated
reactor fuels expired at the end of last year and reinstatement is
delayed for at least 6 months. In the meantime, shipments have beem
postponed to a later date.

Photo 2: Unloading of fuel elements
from container.

Miscellaneous
In the context of the bringing up-to-date of all license-related
documentation, safety analysis review activities were performed and
completed by external experts for the HOR in accordance with the
information and requirements submitted by IRI.

In the aftermath of the Chernobyl accident and resulting assessments
of operational safety of nuclear installations, the Nuclear Department
of the Ministry of Social Affairs and Employment conducted audit and
review activities concerning safe operation of the HOR in the course of
the year. In general the HOR operation was concluded to meet safety
standards, but some weaknesses were identified. Following this, a
master plan to eliminate these weaknesses has been launched and
activities in this field are in progress.
A total number of 1650 visitors of different nature, including 368
students and course attendants, was introduced to the reactor and its
facilities.

Electron accelerator
The 3MeV Van de Graaff electron accelerator is operated by personnel
in the Radiation Chemistry Department. Emphasis is laid on use in
combination with the fast detection equipment for pulse radiolysis
experiments. The accelerator provides electron pulses with 5A
maximum current and variable duration (from 300ps to 250ns). The
accelerator is also used for applied radiation research.
In order to obtain pulses of ca. lOOps duration, a special low loss delay
line for the cathode pulse is being installed.

Photo 3: Setup for measurement of fluorescence resulting from irradiation
3MeV electrons from the Van de Graaff electron accelerator.
A: Accelerator Beam Exit, Scanner and Pulse Charge Measuring Target;
B: Thermostated Fluorescence Cell Holder;
C: Monochromator and Detector.

with

A two stage cryopump operating ai 20K will be used in order to
maintain a very low partial pressure of water vapour and a pressure of
hydrogen of 4 x 10 mbar. These gas conditions have been found
necessary for good thermionic and photo-electron emission quality of
thermionic cathodes.
The readout system and the monitor for upper electrode voltage
fluctuations in the high voltage terminal have been protected to work
refiably under severe environmental conditions, fn T988, eight days
have been used for modification, maintenance and calibration.

Variable Energy Positron Facility (VEP)

Photo 4: Picture of the vacuum-chamber at the end of the positron-beam line of the
VEP.
A.
sample-holder;
B. ion-beam system (for gas-ion implantation or sputter- cleaning;
C. Ge-detector;
D. positron-beam line.

A major event was the official inauguration of the positron facility on
the 22nd of April by the former director of the Institute, prof.dr. J.A.
Goedkoop. Apart from a short period for the repair of the datatransmission lines destroyed by lightning, the facility has been
available for experiments during the whole of 1988. During the first
part of the year, most work went into optimizing the beam. During the
latter part of the year about 30 different samples were mounted in the
detection chamber of the facility and investigated. To speed up the

turn-around time per sample, a sannple holder was constructed which
can contain up to 5 samples. A beam-collimator (0.8 cm hole diameter)
was installed, allowing measurements on small-size samples. A
separate vacuum-flange was equipped with a rotatable holder to
contain the micro-channelplate set-up for positron-lifetime
measurements on the ER By the end of the year the 22Na-source
strength had been reduced by natural decay to about 14 mCi (at the
time of delivery 25 mCi). Photo 4 shows the configuration of the VEP
detection chamber.

Central Computer system
The Computer systems group is responsible for the Institute's central
computing facilities. These consist of a VAX-8350, two VAX-stations
and a PDP-11/44, operated in a local and an external network
environment.
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The VAX-8350 is the central component in the local Ethernet/DECnet
network, connecting a total of approximately 15 computer systems
used mainly for data-aquisition and experiment-control. It runs under
the VAX/VMS operating system, and provides special facilities such as
centralized magtape, plotter, printer and terminal support, numerical
and graphical libraries and communication services such as electronic

mail and network file transfer to various external networks (DATANET,
EARN, SURFNET, DUNET). The system is known in these networks as
follows:
DATANET-1 (X25)
BITNET, EARN
SURFNET, DUNET

DTE-number :
Mnemonic
Address
Name

020411730170606
HDETUD5.BITNET
29.6
IRIVAX

Activities in 1988 were devoted mainly to the replacement of the
former VAX-11/750 by the VAX-8350 and preparations for this as well
as to the implementation of a thinwire Ethernet network for personal
computers and work stations. Another important task was the
installation of the NAG and IMSL numerical libraries to allow a smooth
transition of large tasks from the IBM system of the Computing Centre
of the Delft University of Technology to the local VAX-system. A laser
plotter has been installed for use with the current plotter software
package (CALCOMP). In a later stage, this plotter will also be used for
GKS output.

Teaching activities
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IRI staff is involved in university teaching - lecturing, research training
of MSc and PhD students - and in a variety of training courses. The
research training of students at IRI is integrated with the research
activities described in the preceding text. In this chapter, attention will
be paid to the training courses and to the teaching activities of IRI staff
members appointed at various Dutch universities.

Training Courses
The group 'Training Courses' organizes courses in fields in which the
institute has specific knowledge and experience, particularly in
Radiation Health Physics, Radiochemistry and Reactor Physics.
Courses are mainly arranged by the institute itself, but in some cases
also in accordance with requests from other institutes.
In 1988, the program of courses differed slightly from preceding years.
New developments were:
• contacts with the University of Limburg, which led to two courses in
Radiation Safety, level 5B;
• as well as the introductory course on behalf of the University of
Leiden for a group of students in Biology, which was followed by an
official examination, level 5B.
The two examinations on level 5B, organized by our institute for the
first time, were quite successful. 23 out of 29 candidates passed the
examination.
With the University of Leiden, an agreement was reached to change
the introductory course into a level 5B course as much as possible in
1989.
The Faculty of Medicine of the University of Leiden decided,
unexpectedly, to withdraw the course 'Radiochemistry for Health
Sciences' from our institute. This decision is mainly based on
economical reasons.
A survey of courses, numbers of participants and personnel effort, is
shown in table 2.

University teaching
Radiochemistry
Eindhoven University of Technology
Lectures on radioisotope techniques are given by prof.dr.ir. J.J.M, de
Goeij at the Department of Chemical Engineering and the Department
of Technical Physics. 18 Students attended the classes in 1988.
Three students from the Department of Technical Physics performed
their work for the masters degree under the supervision of prof. De

Teaching activities

Table 2: Concise Sunrey of training courses

Type

Effort
(participant days)

Radiation Safety
Level 3, (IRI courses)
Level 3, (assistance in other courses)
Level 5B
Introduction (to radiation safety)

842
118
176
98

Basic Courses in Radiochemisty
Universities (undergraduate students)
Vocational training

180
564

Reactor Physics
Delft University of Technology
(third grade students)

12

Goeij and two of them took their master degree in 1988 on the
preparation of 18F via the 180(p,n) reaction with the cyclotron and on
the construction of a multi-purpose irradiation facility for radionuclide
production.
University of Utrecht
Prof.dr.ir. M. de Bruin gave a series of lectures on radioisotope
techniques and radiation safety. The lectures were attended by 15
students in Medicine, Biology and Veterinary Sciences.
At the centre for Radionuclide Application, about 200 students and
staff members from various departments attended a one of two weeks
course in radiation safety and basic radiochemistry. Four students
have been involved, as part of their MSc training, in the research
program going on at the centre. This research is focussed on the
development and application of new radioisotope techniques for use
in medical research. The students were particularly involved in the
double labelling of erithrocytes with 56Co and 57Co for use in a
comparitive study of the effectiveness of autologous and homologous
blood transfusions.
University of Twente
Ir. Z.I. Kolar has given a short course on application of radioisotopes in
chemical process technology research. This course comprised 10
hours and was attended by 20 students and employees.
IRI
In the Radiochemistry Department 25 students performed their
laboratory work and/or participated in the research program of the
Department. 7 PhD students (including 5 employed by the Department
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itself) and 15 scientists from other universities and research
institutions carried out a part of their research at the Department or
used facilities and/or expertise in the Department.
Reactor Physics
Delft University of Technology - IRI
Courses in 'Electromagnetic fiels and waves' and 'Shielding of
radiation sources' were given by prof.dr.ir. H. van Dam. The number of
students tested were 215 and 2 respectively. Dr.ir. J.E. Hoogenboom
has given a course 'Reactor physics'. In rhis case 4 students were
tested. A course 'Radiation damage in materials' was given by A. van
Veen. 3 students took the associated test.
Six students participated in a laboratory course for reactor physics
measurements; two students majoring in reactor physics obtained an
MSc degree. At the end of the report period, 7 students from the
Faculty of Applied Physics were majoring in reactor physics.
Radiation Chemistry
University of Leiden
The Radiation Chemistry course was given at the University of Leiden
during the spring semester of 1988.
IRI
Six PhD students carried out part of the research for their degree with
the electron accelerator of the IRI. Several undergraduate students
participated in this work. One PhD student used the gammairradiation facility for part of the research and two PhD students used
the equipment for time-resolved microwave conductivity experiments
for the measurement of photo-induced dipoles.
Radiation Physics
Delft University of Technology - IRI
A two hours a week course on neutron and radiation physics was
given by prof.dr. J.J. van Loef in the Faculty of Physics Engineering at
the Delft University of Technology. Eight students passed the oral
examination on the subject. Thirteen students did their final laboratory
work in the radiation physics department; five of them obtained their
degree of engineering. Six PhD students carried out their research in
the group.
Drs W.L.T.M. Ramselaar obtained his doctorate degree after the
defense of his thesis 'Carbon-supported iron and iron-molybdenum
sulfide catalysts. A combined Mössbauer and hydrodesulfurization
activity study'.
A course on 'Research on solids and liquids using neutrons' (in Dutch)
was organized by IRI in collaboration with the Energy Research

Services and Staff Department

Foundation (ECN) from 4th to 7th October, 1988. 25 persons
participated from various universities and institutes in the
Netherlands.

Services
Technical and general services
The Technical Services responsible for the maintenance and repair of
the reactor and other facilities carried out their normal duties. A
special gas meter was installed in the air system of the reactor in order
to test air leakage in the reactor hall. The air-tight doors to the reactor
hall were adjusted.The overhead crane in the hall was overhauled and
a new electric motor installed. In addittion the Technical Services
helped other departments with projects, instrumentation and
construction work.
The General Services paid special attention to fire protection and the
security of the buildings. Maintenance of the buildings was carried
out as usual.
It is intented to appoint a Quality Assurance Manager at the institute.
This person will set up and have the responsibility for the overall
quality systems.

Photo 6: Instrument calibration and irradiation
A. shielded caroussel-type source holder;
B. precision X Y optical bench;
C. reference ion chamber + sample.

facility:

Health Physics and Safety
The department of Health Physics and Safety is concerned with
working conditions at IRI and the safety of all procedures involving
radiation at the Delft University of Technology. Control of radioactivity
discharges into the environment and general environmental isues
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also constitute part of the department's responsibilities. In 1988, all
radiation doses received by the 150 radiation workers remained below
10% of the annual dose limit. Discharges of airborne and liquid
radioactive wastes in 1988 were also only minor fractions of the limits
set by the Dutch authorities.
Services to third parties were provided on a contractual basis: for
example inspection or calibration of radiation sources and measuring
equipment; radiation dosimetry for scientific, medical or industrial
applications and quantitative measurements of radioactivity in
samples of various origins. In 1988, a new setup for instrument and
source calibrations was installed (see photo 6), which includes a
programmable automated positioning and readout system.

Staff departments
The staff departments include the General Secretarial Department,
the Personnel Department, the Financial Administration and
Purchasing.
The Personnel Department was involved in the transition of the
institute to its new structure within the Delft University of Technology.
A committee is investigating the internal organization of the institute.
A preliminary recommendation is that program management could
strengthen the organizational structure. Details will be further worked
out and discussed within the institute.
The financial structure of the institute has also changed due to the
transition. The institute is now incorporated into the University
financial system. However, up to 1992 a budget has been earmarked
by the government. After 1992, the institute will be fully integrated in
the University budgeting system. In 1988, a start has been made with
a new budgetting method for the year 1989. A checking system has
still to be worked out. Purchasing was done according to the general
university conditions.

Summary of the Budget

Income

Expenditure

Delft University of
Technology
Outside Contracts

18,224

Total

19,499

1,275

Personnel
Materials
Housing
Computer
Other

12,518
5,356
1,000
250
275

Total

19,499

Personnel
Management and staff
Reactor Operations
Health Physics
Technical and Administrative
Services
General Services

27.0
5.5

Radiochemistry
Radiation Phvsics
Radiation Chemistry
Reactor Physics

27.5
25.0
12.5
19.4

Teaching Group
Total number of personnel

18.1
17.5
8.0

7.0
167.5

Research areas and
responsible scientific staff

\

Radiochemistry
Transport and
interfacial
phenomena

Ir. R.D. Abellon, prof.dr.ir. J.J.M, de Goeij,
ir. Z.I. Kolar.
• Mass transfer at solid/liquid interfaces;
• Mixing and mass transfer in single- and
multicomponent process industry systems;
• Magnesium transport in fish-water systems.

Trace elements in
the environment

Ir. P. Bode, prof.dr.ir. M. de Bruin,
dr.H.Th.Wolterbeek.
• Trace-element uptake mechanisms in lichens
in 5 relation to wet and dry deposition;
• Marine waders as heavy metal monitor;
• Uptake/transport of trace elements in plants.

Trace elements in
animal and man

Drs. G.J. van den Berg, prof.dr.ir. J.J.M. de
Goeij, dr. C.J.A. van den Hamer, dr. P.S. Tjioe.
• Metabolism of copper and zinc in relation to
diseases and their diagnosis;
• ln-vitro uptake and release of trace elements
by the cells;
• Protective effect of selenium against
nephrotoxicity in cisplatin cancer treatment.

Radiochemical
methods

Ir. P. Bode, prof.dr.ir. M. de Bruin,
prof.dr.ir. J.J.M. de Goeij, ir. Z.I. Kolar.
• Assistance of guests using the INAA system;
• Development computerized fast rabbit
system;
• INAA-spectrometer system up-grading;
• Perturbed gamma-gamma ray angular
correlation technique for speciation;
• Radiotracer production development and
supply.

Reactor Physics
Statics, dynamics
and noise
of nuclear reactors

Dr.ir. J.E. Hoogenboom, prof.dr.ir. H. van Dam,
ir. P.F.A. de Leege.
• Noise analysis for anomaly detection, boiling
detection and assessment of BWR stability;
• Development and implementation of software for reactor and shielding calculations;
• Reactor concept with gaseous fuel.

Materials research

Dr. A. van Veen.
• Gas desorption spectrometry for defect
analysis, mainly in fusion reactor materials;
• Positron annihilation studies with a variable
energy positron beam, mainly for studies of
defects and layered structures;
• Physical modelling and computer simulations
for defect studies;

Research areas and
responsible scientific staff

Health physics and
dosimetry

Dr A.J.J. Bos, dr. CE. Rasmussen, ir.W. de
Vries.
• Experimental and theoretical studies of
thermoluminescence dosimetry in neutrongamma fields.

Radiation Chemistry
Ionization and
excitation

Dr. M.P. de Haas, prof.dr. A. Hummel,
dr.ir. L.H. Luthjens, dr. J.M. Warman.
• Chemical effects of high-energy radiation;
• Ionization and excitation in irradiated
nonpolar systems with various measuring
techniques (fluorescence, optical absorption,
microwave absorption, dc-conductivity,
product analysis;
• Computer simulation of non-homogeneous
kinetics;
• Intramolecular charge separation in excited
molecules studied by means of measurement
of microwave conductivity after pulsed laser
excitation;
• Ionization in small particles and thin
layers of semiconductor-materials by means
of measurement of microwave conductivity
after pulsed irradiation.

Polymers

Dr. M.P. de Haas, prof.dr. A. Hummel, dr.ir.
L H . Luthjens, dr. J.M. Warman.
• Ionization and excitation in polymer
systems with various measuring techniques;
• The effects of high-energy radiation on DNA
and model systems.

Instrumentation

Dr. M.P. de Haas, dr.ir. LH. Luthjens.
• Development of fast measuring techniques;
• Accelerator operation;
• Development of shorter electron pulses with
increased current.

Radiation Physics
The dynamics and
structure of
disordered systems

i

Prof.dr.ir. L.A. de Graaf, dr. H. Fredrikze,
prof.dr. J J . van Loef, dr. M.Th. Rekveldt,
dr. I.M. de Schepper, dr.ir. J.B. vanTricht,
dr. P. Verkerk, dr.ir. A.A. van Well.
• Neutron scattering by liquids, dense gases
and solids;
• Kinetic theory and computer simulation in
connection with the former;
• Transport coefficients.

Research areas and
responsible scientific staff

The magnetic
properties of
solids

The characterization of catalysts

\

Dr. P.C.M. Gubbens, drs. W.H. Kraan, dr.ir.
A.M. van der Kraan, prof.dr. J.J. van Loef,
dr. M.Th. Rekveldt.
• Neutron depolarisation in ferromagnetic
fluids, thin films, small particles and
superconducting materials;
dr.ir. A.M. van der Kraan, prof.dr. J.J. van Loef.
• Mössbauer emission and transmission
spectroscopy in cobalt and iron containing
catalysts for Fischer-Tropsch synthesis and
Hydrodesulfurization processes.
• Mössbauer effect in intermetallic compounds.
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Survey of scientific relations
w i t h universities and institutes

Radi ochem i stry
Dutch universities
•
•
•
•
•
•
•
•

Delft University of Technology;
Eindhoven University of Technology;
University of Nijmegen;
University of Utrecht;
University of Leiden;
Vrije Universiteit Amsterdam;
University of Amsterdam;
Erasmus University Rotterdam.

Non-University institutes in the Netherlands
•
•
•
•
•
•
•
•
•
•
•
•

Hospital De Lichtenberg, Amersfoort;
St. Elisabeth Hospital, Tilburg, department of Pediatrics;
Juliana Children's Hospital, The Hague;
Zuider Hospital, Rotterdam, department of Pediatrics;
Netherlands Cancer Institute, Amsterdam;
National Institute of Public Health and Environmental Protection
(RIVM), Bilthoven;
Research Institute for Nature Management (RIN), Arnhem;
Netherlands Organization for Applied Scientific Research (TNO),
Delft;
Integral Cancer Centre Middle-Netherlands (IKMN), Utrecht;
Institute for Soil Fertility (IB), Haren;
The Netherlands Water Works' Testing and Research Institute
(KIWA), Nieuwegein;
Provincial Hall, The Hague.

Foreign institutes
•
•
•
•
•
•

Rudjer Boskovic Institute, Zagreb, Yugoslavia;
Gasthuisberg State Hospital, Leuven, Belgium;
International Atomic Energy Agency (IAEA), Vienna, Austria;
University of Trondheim, Norway;
University of Illinois, Urbana, USA;
National Institute of Standards and Technology, Gaithersburg, USA.

Reactor Physics
Dutch Universities
• Delft University of Technology;
• University of Groningen.
Non-University institutes in the Netherlands
• Institute for Atomic and Molecular Physics (AMOLF), Amsterdam;
• Netherlands Technology Foundation (STW), Utrecht;
• Joint Dutch Nuclear Energy Power Plant (N.V. GKN), Dodewaard;

Survey of scientific relations
with universities and institutes

\

• Joint Research Establishment of the Dutch Electric Utilities (N.V.
KEMA), Arnhem;
• Ministry for Economic Affairs, The Hague;
• Physics department, Netherlands Energy Research Foundation
(ECN), Petten;
• Philips Research Laboratory, Eindhoven.
Foreign institutes
• Technical University of Istanbul, Istanbul, Turkey;
• European Fusion Technology Programme, NET team, Garching/
München, FRG;
• Materials Development Division, AERE Harwell, UK;
• Laboratory for Nuclear Physics, State University of Gent, Belgium;
• Physics department, Brookhaven National Laboratory, USA.

Radiation Chemistry
Dutch Universities
•
•
•
•
•
•

Delft University of Technogy;
Vrije Universiteit Amsterdam;
University of Leiden;
University of Amsterdam;
Eindhoven University of Technology;
Twente University of Technology, Enschede.

Non-University institutes in the Netherlands
• Netherlands Organization for Applied Scientific Research (TNO),
Utrecht;
• Synthetic Rubber Institute (KRI) TNO, Delft;
• Philips Research Laboratory, Eindhoven.
Foreign institutes
•
•
•
•
•
•
•
•
•
•

University of Lodz, Poland;
Gray Laboratory, London, UK;
Institute of Isotopes, Budapest, Hungary;
Ecole Centrale de Lyon, France;
Max-Planck Institut, Göttingen, FRG;
University of New South Wales, Australia;
University of Melbourne, Australia;
University of Rochester, USA;
Institute of Chemical Kinetics and Combustion, Novisibirsk, USSR;
National Chemical Laboratory for Industry, Tsukuba, Japan.

Radiation Physics
Dutch Universities
• Delft University of Technology;
• University of Utrecht;
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•
•
•
•
•
•
•

University of Groningen;
University of Leiden;
Wageningen Agricultural University;
University of Amsterdam;
Twente University of Technology, Enschede;
University of Nijmegen;
Eindhoven University of Technology.

Non-University institutes in the Netherlands
• Solid State Physics Group, Netherlands Energy Research
Foundation (ECN), Petten;
• Philips Research Laboratory, Eindhoven;
• Koninklijk Shell Laboratory, Amsterdam;
• Akzo Chemie, Research Laboratories Amsterdam.
Foreign institutes
• Universita di Ftrenze & Istituto di Elettronica Quantistica del CNR,
Firenze, Italy;
• Rutherford Appleton Laboratories, Chilton, UK;
• Univ. Zaragoza, Facultad de Ciencias, Spain;
• Hahn-Meitner Institut, Berlin, FRG;
• Norwich University, Physics department, UK;
• Kernforschungsanlage Karlsruhe, FRG;
• Institut Von Laue-Langevin, Grenoble, France;
• The Rockefeller University, New York, USA;
• National Research Council, Division of Physics, Ottawa, Canada;
• Portland State University, Portland, USA;
• Toyama Medical and Pharmaceutical University, Toyama, Japan;
• National Institute of Standards and Technology, Reactor Radiation
Division, Gaithersburg, USA.

Training Courses Group
Dutch Universities
•
•
•
•

Delft University of Technology;
University of Leiden;
Twente University of Technology, Enschede;
University of Limburg, Bureau of Safety affairs, Maastricht.

Non-University Institutes in the Netherlands
•
•
•
•
•
•

Van Leeuwenhoek Institute, Delft;
Van 't Hoff Institute, Rotterdam;
Foundation Education of Assistants in Nuclear Medicine (SOANG);
Education Centre Special Courses (SBC), Zwijndrecht;
Education Committee Nuclear Medicine (CNG);
Foundation Council of Vocational Training of Radiological
Laboratory workers (SBORL).
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Radiochemistry
Scientific publications
AalbersJh.G.
J.P.W. Houtman
B.Makkink

Baldew, G.S.
K.J. Volkers
C.J.A. v.d. Hamer

• Risk factors for cardiovascular diseases in relation
to metal concentrations in specific organs and to
the occurrence of atherosclerosis. Trace
Elements in Medicine, 5 (1988) page 114-119.
• Reduction of cisplatin nephrotoxicity by
selenium: does metallothionein play a role?The
Target Organ and the Toxic Process Arch.
Toxicol., 12 (1988) page 171-174.

Berg, G.J. vanden
(ed.)

• Papers presented to the symposium: heavy
metals in the environment; threat for health?
dedicated to prof.ir. J.P.W. Houtman on the
occasion of his retirement from IRI and Delft
University of Technology, June 21,1983.
Delft Progr. Rep. 12 (1988) page 125-191.

Bode, P.
M. de Bruin

• An automated system for activation analysis
with short half-life radionuclides using a
carbonfiber irradiation facility. J. Radioanal.
Nuclear Chem., Articles 123-2(1988)
page 365-375.
• Perturbed angu.ar correlations in relation to
chemical analysis. Annual meeting American
NuUear SocLty, San Diego, California, USA,
12-16 June 1988. Trans. A m . Nucl. Soc. 56 (1988)
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